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I. Chile's Social Security System
By the late 1970s Chile's social security system had generated a large deficit despite several hikes in payroll taxes. In 1979 pension ages were raised to put the system in balance (Wagner 1983) . In 1981 Chile replaced the mature government-run social security system, which operated on a pay-as-you-go basis, with a privately managed system based on individual retirement accounts. The new system is more fiscally sustainable than the old system, with contribution-defined pension benefits. The reformed system includes a minimum pension guarantee, which is funded from the general government budget, preserving the tight link between contributions and benefits of the pension funds. The reformed system also insures contributors against the risk of loosing their income-generating capacity before retirement age by including an explicit insurance premium covering the risks of disability and early death.
From the point of view of macroeconomic aggregates, the Chilean social security system-managed mostly by private companies, Administradoras de Fondos de Pensiones-can have annual surpluses or deficits. The long-term viability of the system is protected by the direct link between contributions and benefits. From the individual's perspective, social security contributions have become a form of delayed compensation because all parts of the contribution have a counterpart in paid benefits. 1 This change in design represents a reduction in the payroll tax. In addition, the reform reduced the payroll tax rate earmarked to finance pensions and health insurance from about 30 percent to 20 percent of taxable earnings. 2 Social security systems have particular ways of dealing with intrafamily distribution of incomes and old-age benefits. To address these differences, this study estimates individual contributions and benefits before and after reform. The focus is on gender differences in contributions and old-age benefits; other social security benefits (such as disability and premature death) are left out of the comparison. I examine the effects of four changes:
1. Workers who contributed for less than 10 years received no pensions under the old system. Under the new system everyone who has contributed to the system receives a pension, in proportion to his or her fund accumulation. This change is particularly significant for women, who tend to have low levels of attachment to the labor force. 2. In the old system, pension benefits were determined by a formula that multiplied the average contributory income of the last five years of work by the number of years of contributions, rewarding a long-term commitment to the labor market. In the new system, pensions are a function of the accumulation of funds through compound interest, giving a heavier weight to contributions made early in life. This change favors women as well as men who have career interruptions or relatively flat age-earnings profiles throughout their careers. 3. Unlike the old system, in which survivor's pensions were funded from systemwide contributions, the new system is based on joint annuities. That is, the pension benefits of the principal are based on the pensioner's fund accumulation, net of a reserve to fund his or her survivor's benefits. This change internalizes the accumulation of pension funds at the family level,
1. The system is still perceived as a tax by people whose desired savings rate is below the implicit rate imposed by social security. Edwards and Edwards (2002) estimate the tax component of the Chilean payroll contribution toward social security.
2. The old system was financed by a payroll tax, with a relatively weak link between contributions and benefits. In 1973, for example, contributions to the retirement plan by employers and employees averaged 26 percent of earnings. Once contributions to the national health system were included, total payroll contributions exceeded 50 percent of earnings for some workers. During the late 1970s payroll tax rates were lowered; in 1980 social security contributions claimed 32.50-41.04 percent of taxable earnings. The new system reduced the overall contribution to social security (pension, health, and other forms of insurance) to about 20 percent of taxable earnings, established a set of common rules for all contributors, compartmentalized the various parts of the social security package in different products, and introduced competitive forces in the market for these products.
increasing the marginal benefit to the family of every peso put into the system. 4. In the old system's main program, widows were required to choose between survivor's benefits and their own retirement benefits. This rule reduced the marginal value of their own contributions, making the payroll tax even higher for married women. Under the new system, benefits can be combined, improving work incentives for married women.
These four changes have raised the marginal benefit of own contributions for all, particularly for those whose contributions were insufficient to qualify for benefits. Furthermore, the new system guarantees a minimum pension to people who contribute at least 20 years and whose fund accumulation provides for an annuity below the minimum pension. This represents an additional incentive for participation, although it also acts as a disincentive to participate and contribute once a person with relatively low contributions has accumulated 20 years in the system.
The current living standards of the elderly population are the product of both a traditional system of extended family arrangements and a social security system that proved to be unsustainable and was therefore fully reformed. In urban areas the proportion of elderly men who receive an old-age pensions (62 percent) is twice that of elderly women (31 percent). Another 19 percent of elderly women receive survivor's pensions, closing the retirement income gender gap. In rural areas, where old-age pensions are less typical, more than 23 percent of elderly women are beneficiaries of pensión asistencial (pasis), a government program targeting the elderly poor that operates outside of the social security system funding. In urban and rural areas older women are more likely than men of the same age group to be widowed and to live in extended households (Edwards 2000) .
Future living standards for elderly women will depend on living arrangements, the coverage of the pasis program or its equivalent, and the pension system. Future pension benefits for women are determined by two main sources: their own accumulated funds and survivor benefits for married women. As schooling levels have risen in Chile, marriage age has been delayed and labor force participation rates have increased. The fraction of women qualifying for pension benefits is therefore likely to increase.
Women who work for pay typically accumulate pension funds at a significantly lower pace than men for two reasons. First, women are more likely than men to interrupt their careers (to take care of children, the sick, or elderly parents or in-laws). As a result, the density of labor market participation throughout the life cycle is lower for women than for men. Second, women's salaries are generally lower than men's, even after controlling for age and schooling. The already slower accumulation is often stopped at a younger age, given that the social security system allows women to collect pensions at age 60, whereas men must wait until age 65. At age 60 women are expected to live 23 more years, a long stretch for the accumulated funds. However, the present value of expected old-age benefits of a married woman is above the level of accumulated funds because of the likelihood that she will survive her husband, whose pension she will receive.
II. Data and Methodology
The key data source for the analysis is the micro data set of the Caracterización Socioeconómica Nacional (casen) for 1994, a national household survey carried by the National Planning Office. This survey collects information on a variety of indicators, including demographic characteristics, labor force participation, earnings, affiliation to social security, and the answer to the question "Are you a contributor to any of the social security systems?" casen is a reliable source for estimating the socioeconomic characteristics of the population. The other source of information on affiliates and contributors is the Superintendencia de Administradoras de Fondos de Pensiones (safp), to which all private Administradoras de Fondos de Pensiones provide information on their accounts. The safp publishes aggregate data and does not provide researchers with individual-level data. According to safp data, the ratio of contributors to affiliates fell from 58 percent in 1985 to 49 percent in 1994 and to 44 percent in 2000. This decline is driven by the fact that affiliation is a forever classification. People who join the labor force and make contributions for a short time and then do not return to the labor force remain affiliated with the system, even though they may forget that they belong to it. Even if people leave the country, they remain in the safp counts. 3 Unfortunately, information on years of contributions is not available from casen or publicly available from the safps. This article uses the cross-section data to build a series of synthetic cohorts and use them to project life-cycle earnings and contributions of "typical" people. The methodology consists of defining key observed individual characteristics and measuring employment patterns by age, leading to the construction of synthetic cohorts from the cross-section.
The cross-section data allow us to estimate the labor force participation rate for a typical woman of a given age. The observed participation patterns can be used to project the behavior of a 20-year-old into the future, assuming that the behavior of the observed 30-, 40-, and 50-year-olds is characteristic of all women. Young women today are unlikely to behave as their predecessors did, however, particularly regarding labor force participation. The key factor driving this generational change is that the younger cohorts have more schooling. Thus unless one controls for schooling, a synthetic cohort built from cross-section data would introduce an error in the link between age and labor force participation.
3. As an anonymous referee pointed out, the proportion of contributors to affiliates based on casen data is 55 percent for the national data-6 points above the safp estimate. I do not believe this difference invalidates the methodology. Although casen excludes affiliates who have left the country or forgotten their affiliation, its estimate is still representative of typical working affiliates.
After carefully studying the links between labor force participation and schooling, I divided the 1994 urban sample by gender and into five schooling categories: incomplete primary, incomplete secondary, complete secondary, up to four years of postsecondary, and more than four years of postsecondary. The assumption is that each of these schooling groups has a common pattern of labor force participation and that the pattern is stable over time. If the average rate of employment over a period is used to estimate the number of months of work, the implicit assumption is that all people in the sample base work some of the time. This assumption is appropriate for the men's cases, because it is known (from cohort data) that practically all men have been in the labor force for some time by age 30 (Edwards 2001) . However, evidence from recent cohorts suggests that no more than 95 percent of women with postsecondary schooling join the labor force at some point, and this fraction falls to 80 percent and 75 percent for females with less schooling. Therefore, this procedure would underestimate the number of months of work for the "appropriate" sample of women.
Information on affiliation is very useful because affiliated men and women are known to have been in the labor force at some point. This variable allows us to separate men and women into two subgroups: people who are affiliated with the system and make contributions toward pensions at least some of the time and the unaffiliated. Naturally, participation rates are higher among women affiliated with the social security system relative to all women. Given our goal of estimating social security contributions and benefits, the methodology rests on estimates for women affiliated with the social security system by schooling and marital status.
Final values of accumulated contributions are a function of the system's rate of return and individual retirement ages. Individual pension benefits estimated from the accumulated funds depend on survival probabilities at pension age. Estimated individual benefits are subsequently compared with what the same "typical" people would have obtained using the nominal formula of the old system. These comparisons allow us to better understand the gender effects of social security reform.
III. Employment and Social Security
Participation by Gender
Labor force participants are a subsample of working-age people with distinct gender, age, schooling, and marital status characteristics. Labor force participation of 16-to 65-year-old urban women and men is driven by marital status, years since finishing school or potential experience, and postsecondary schooling. Participation is significantly lower for women (39 percent) than for men (82 percent). Marriage further reduces the probability of participation for women and increases it for men. Postsecondary schooling increases the likelihood of participation and diminishes the negative effect of marriage for women but lowers the probability of participation for men.
Who Is Required to Affiliate and Who Contributes to Social Security?
Chilean law requires formal employees to make contributions to their retirement accounts, and allows the self-employed to make voluntary contributions to the pension system. 4 Affiliation is necessary to contribute to the system and to obtain benefits, and once a person affiliates to the system, he or she remains affiliated for life. In 1994, 67 percent of men and 39 percent of women in the workingage population were affiliated with the system. Affiliates have a higher than average attachment to the labor force. About 82 percent of male affiliates and 64 percent of women affiliates were working at the time of the survey-higher percentages than the 72 percent of men and 36 percent of women working in the total working-age population. Unlike social security affiliation, work status is not set for life. Many people become self-employed after working as employees or move back and forth between the two categories. It is therefore not surprising that a significant fraction of workers classified as self-employed make contributions to social security. In 1994 about 25 percent of people who were not required to contribute (the selfemployed and employees without contracts) did so. The fraction of self-employed people who make contributions increases with age and schooling. Contributing does not vary much with the level of salary or the sector of employment, but establishment size and gender are important factors. In particular, workers in larger establishments are more likely to contribute. With or without controlling for industry and establishment size, self-employed women are 6.2 percent less likely to contribute than self-employed males. 5 This study estimates working patterns of people affiliated with the social security system and assume that month-to-month contributions by affiliates are driven primarily by whether they are working in a given month. In fact we know that more than 90 percent of men and women affiliates who were working at the time of the survey contribute toward social security. There is a remarkable similarity across genders in contributory status, as long as the sample is limited to affiliated individuals. Among men and women with less than primary schooling, 84 percent contributed in 1994. Contribution rates rose to 89 percent among those with incomplete primary, to 93 percent among those with complete secondary and men with up to four years of postsecondary education, and to 96 percent for women with postsecondary and men with five or more years of postsecondary education.
4. Formality is established by a written contract that employers and employees are required to sign. 5. This finding suggests that in similar circumstances to men, women are less likely to assign a marginal value to their social security contributions. There are two possible explanations. First, there may be a relatively larger fraction of women who work for pay in a given period who are not planning to work for pay for any significant length of time. The fact that married women obtain health care coverage through a contributing husband's family plan may also be part of the explanation. This reduces the value of the 20 percent contribution to about 13 percent. Further research should examine the impact of the tied-in character of the pension and health care programs on a married couple's incentive to save toward retirement.
Estimating Years of Contributions
The probability of employment varies by schooling, marital status, and gender. The sample of affiliates is divided into 20 main categories based on these three variables. Within each of these categories, I calculate the fraction of men and women that work at every age. I then assume that the typical man or woman within each schooling category works as a typical single person until marriage and as a married person afterward. The marriage age for the typical man and woman is defined as the age at which 50 percent of the corresponding category is married. Marriage tends to be earlier for men affiliates than for men as a whole, and marriage tends to be delayed for women affiliates compared with the women as a whole. Because I am focused on affiliates, I use the corresponding marriage ages for that sample. This step reduces the 20 categories to 10, 5 schooling categories and 2 genders. The average fraction of workers is used to estimate the "fraction of the time that typical individuals work at every age." The results of this estimation are summarized in table 1 and expressed in estimated years of work by age category.
Assuming that working affiliates make contributions to social security, the emerging relation between age and years of contributions is captured in figure 1 . A higher line in figure 1 indicates steady accumulation of contributions over many years, as is the case for men with secondary schooling. A relatively high and steep line indicates rapid accumulation after a later start, as is the case for men and women with five or more years of postsecondary schooling. A lower and flatter line shows a lower degree of labor force attachment and a relatively slower accumulation of contributions, as is the case with women with secondary schooling.
Gender differences in the degree of attachment to the labor force among affiliates result in important differences in estimated lifetime contributions. Men typically accumulate 40 years' worth of contributions between age 16 and 65. Women, especially women in the lower schooling categories, tend to have more interruptions. As a result, on average women who complete secondary schooling accumulate less than 30 years' worth of contributions by age 65.
Earnings Profiles
To estimate the accumulation of funds, I use the estimates of contributory behavior-obtained in the previous subsection-and earnings. I produce an estimate of monthly wages by age, based on observed earnings by age, sex, and schooling. The sample includes all workers in an attempt to keep it as large as possible. This is appropriate because wage levels do not significantly affect affiliation and contribution behavior. Thus earnings estimates originating from a broad sample of workers should not differ from estimates originating from a sample of ever working affiliates.
I start from the assumption that current patterns of earnings (as a function of schooling and experience) have persisted for some time and will remain stable in the future. The key challenge is to capture the earnings pattern from the exist-ing data. The human capital earnings function, in which earnings are expressed as a quadratic in potential experience, is probably the most widely accepted empirical specification in economics. This procedure is not the most appropriate here, however, because I lack a good proxy for female experience and my aim is to get the best estimate of earnings for workers of a given age (because contributions and benefits eligibility are bound by age). I therefore use an alternative procedure to compute earnings.
I organize the data on earnings from the 1994 casen survey by sex, age, and schooling and calculate an average income for each cell (table 2) . This method does not impose a particular functional form, and it has the advantage of implicitly weighting the sample according to its composition (by other characteristics) within each cell. Given the limitation imposed by sample sizes, it is not possible to estimate average earnings for single-age categories. A five-year interval was chosen to increase sample size while keeping the age categories narrow, because estimated salaries for a range of years are likely to overestimate starting-period contributions and underestimate end-period contributions.
The resulting earnings-experience profiles have a concave shape: Earnings grow fastest at the earlier stage of most groups' careers, earnings growth slows after age 40, and earnings often fall bellow the peak by age 60. Estimated gender in- come differentials by schooling and age indicate that the female-to-male income ratio is 0.6-0.8 in most cases. The notable exception is people with five or more years of schooling, among whom the differential is closer to 0.5. The income differential grows sharply between ages 45 and 50 and then declines again, a feature that affects savings accumulation toward pensions.
IV. Fund Accumulation and the Effect of Gender on Pensions
This section explores the effect of gender on the accumulation of pension funds, pension benefits, and replacement rates, based on simulations for representa- Table 1. tive workers. The impact of the change from a pay-as-you-go to a multipillar system and of particular pay-out policies of a defined-contributions system is calculated.
Gender Differences in Fund Accumulation
I assume that workers in a given schooling and gender category contribute 10 percent of their income, as required by law. Earnings for each age are assumed to be equal to the estimated value for the corresponding five-year age period. In some simulations I add a secular growth to earnings, increasing the estimated annual wage by the corresponding growth effect. For a given age, estimated annual months of contributions are equal to 12 times accumulated contributions for the five-year period divided by 5. The accumulation of funds is the result of compounding the estimated contributions at various interest rates. According to these estimates, women accumulate funds at a lower pace and have income profiles that are flatter and lower than those of men. The estimates presented are to be used as a benchmark; the system's rates of return as well as the affiliate's income and number of years of accumulation relative to the mean affect these figures. Given the same estimated earnings, the higher the rate of return, the larger the accumulated fund. The longer a person works, the higher the annuity, with benefits falling more than proportionally if a person works less than the 20 years required to qualify for the minimum pension. (For a broader set of estimates, see Edwards 2001 .)
The calculations in table 3 show estimated lifetime accumulation of funds for men and women by level of schooling. Estimates based on a 5 percent rate of return and a 2 percent income growth generate women's accumulations that are 36-52 percent of men's. At the bottom of the table, I decompose the difference in fund accumulations within each schooling category in four steps:
1. If women postpone retirement to age 65, the gap between men and women would narrow by 10-15 percent depending on the level of schooling. This effect tends to be larger for more educated women because their work intensity from age 60 to 65 tends to be higher. 2. If women continue to work only to age 60 but do so with the same work intensity of men, their pension funds would increase 1-19 percent, depending on the level of schooling. This effect varies significantly across schooling groups, because there is a significant variation in work intensity among women by schooling group, with highly educated women working almost as intensively as men with the same level of education. 3. If women work to age 60 and do not change their work patterns but are paid the same as men, the pension fund gap between men and women would narrow by 7-25 percentage points, depending on the schooling group. The gap would narrow 7 percent among people with secondary education and up to four years of postsecondary education, by about 13 percent for the lower education groups, and by more than 25 percent for people with the highest level of schooling. One reason for the larger effect of income increases for women in the highest schooling group is that this is the group with the most labor market attachment. An increase in income levels is thus weighted by a higher number than an increase in earnings of other groups of women. 4. The last step calculates the effects of the interaction of the first three effects.
Estimated Future Pension Benefits
The combination of earlier retirement age and longer life expectancy means that women need to provide for 23 years of income from their accumulated funds. Married men retire at age 65 and must provide for a joint annuity of 21 years. This joint annuity is composed of 15 years of own pension and 6 years of widow's pension, at 60 percent of own benefit. Single men retire at age 65 and must provide for their own 15 years' annuity. Therefore, even if men and women started with the same fund accumulation at their "normal" retirement age, a woman's annuity derived exclusively from her accumulated funds would be necessarily smaller than that of a man derived from his accumulated fund.
To calculate the annuities from the estimated fund, I assume that the typical man is married to a woman three years younger than he is (this assumption is consistent with casen data). This man retires at age 65 with a life expectancy of 15 years. Because his wife is expected to survive him by six years he is required to provide for six years of survivor's pension, at 60 percent of his own pension. Chilean law requires retiring married men to put aside funds to cover pensions for their widows and surviving children (the amount required to comply with this regulation is determined through a private contract between the retiree and an insurance company). The law does not require retiring married women to provide for their surviving husbands, unless the husband is handicapped. I assume that there are no surviving minors, that men reserve part of their funds to provide for their widows, and that women convert their entire fund to an annuity. I also assume that insurance companies are allowed to use different survival tables for men and women. If the resulting annuity is smaller than the minimum pension guarantee, the estimated value is increased to the minimum pension.
Based on the calculated annuity, women's replacement ratios (the estimated annuity divided by the reference salary) are almost 60 percent of men's. These differences in replacement rates are smaller than the measured differences in the accumulated funds and the annuities, however, for three reasons. First, several categories of women qualify for the minimum pension, which raises the annuity above the level supported by own funds. Second, replacement ratios are calculated as the ratio of the monthly annuity over the reference salary, which is the average tax base of the last 10 calendar years of work divided by 12. The reference period corresponds to 120 calendar months. To the extent that the typical man or women works less than 120 calendar months during the reference period, the estimated reference salary is lower than the estimated average income for the same reference period. During the 10 years that precede the minimum pensionable age, women have an average work accumulation that is significantly lower than that of men. This causes the gender differential in reference earnings to be larger than the gender differential in earnings. Third, if the denominator in women's replacement ratio is relatively low, the resulting replacement ratio for women is relatively high.
The Issue of Retirement Age
A significant fraction of men and women who have reached retirement age choose not to claim benefits. Thus the retirement age operates as an option that people take when it is convenient for them. If women remain in the labor force beyond age 60, they can add to their fund accumulation, and they are more likely to qualify for the minimum pension on the grounds of years of contributions. The impact on annuities is positive because the accumulated fund is larger and the number of years to be covered by the annuity is smaller.
Under the low-returns scenario, women with less than complete secondary schooling have no gains from delaying claims because they qualify for the minimum pension guarantee. In contrast, women who complete secondary schooling stand to increase their annuity by 10 percent if they postpone claims, and women with higher levels of schooling stand to gain much more. Under the highreturns scenario, postponing claims increases the annuity about 50 percent for all groups. Whether an additional year of work past age 60 increases or decreases these women's welfare depends on individual preferences. One can say only that allowing people to draw a pension early or late is a superior alternative to imposing an age requirement before claiming benefits or forcing retirement at a given age.
The Impact of Reform
Under the old pension system rules, the monthly retirement benefit was equal to zero if the affiliate made less than 10 years' worth of contributions or the maximum of 0.50BS + 0.01BS(W -500) / 50 or 0.70BS
where BS (the base salary) equals the sum of total taxable earnings of the previous five years divided by 60, indexing the last three years, and W equals the total number of weeks of accumulated experience (beyond 520). 6 Men could retire at age 65 and women at 60. (In 1979, the retirement age for women was raised from age 55 to 60 in an effort to contain the system's growing deficit.) Benefits included survivor's pensions equivalent to 50 percent of the pension of the originator for widows and 20 percent of the mean salary per child. Men typically work 40 years, and a man with 40 years of contributions was very close to the maximum replacement rate of 70 percent. Therefore, men's pensions and widow's pensions were generally capped.
Women with more than 10 years of contributions got a very good deal under the old system rules. They could retire 5 years earlier than men, receive a benefit based on their last 5 years of earnings, and receive a 60 percent replacement rate based on a typical life time experience of just 20-30 years of work. Women with less than 10 years of contributions faced no incentive to participate in the system because they did not qualify for benefits.
The deal was not so good for married women. Under the rules of the old social security system, which covered the majority of the currently retired population, women had to choose between retirement income and pension. That is, if they were eligible for benefits from their own working years and were also eligible for a widow's pension, they could not receive both two sets of benefits and had to choose the better of the two. 7 6. Because rules vary across funds, I used the social security system rules. The social security system represented more than 60 percent of contributors in 1980. 7. Art. 7, Law 10.383 Under the rules of the new social security system, benefits are a function of the accumulation of funds. There is no minimum number of years of contributions required to obtain a pension, as there was in the old system, which required at least 10 years. Contributions accrue to the accumulated fund independently of the timing of labor force participation and independently of the periodicity of income-generating activities. In fact, women who make contributions early in their careers get credit for the compound interest associated with those early contributions.
On the one hand, the new system pays benefits as a function of contributions, which tends to lower some women's benefits and raise the benefits of single men to the extent that they are not subject to a maximum benefit. On the other hand, the new system includes a minimum pension guaranteed, which raises the benefits for women with low levels of schooling significantly above the actuarially fair levels. Moreover, a married man is required to fund his wife's pension as a function of her probability of survival, lowering the benefits of married men relative to single men. Table 4 provides estimates of social security-related incomes for elderly men and women in each of the schooling categories. To estimate widows' pensions, I assume that married couples belong to the same schooling category. 8 The calculations highlight the complex effects of the system's reform. In particular, they suggest systematic effects by marital status and level of schooling. The calculations at the bottom of table 4 assume full indexation. However, because the old system was not fully indexed, the benefit estimates for the old system represent an upper bound. To give an idea of the degree of overestimation of these benefits, the following calculation is of interest. If benefits are maintained at the nominal level shown in table 4 and there is a 10 percent annual inflation, in the absence of indexation real benefits fall to less than 50 percent of their initial value after 10 years, to less than 20 percent after 17 years, and to a little more than 10 percent after 23 years.
Direct comparisons of benefits before and after reform do not take into account the degree of sustainability of the systems, in particular the fact that the old system was unable to deliver the promised benefits under its formulas. They 8. These estimates can be compared with those provided by Baeza Valdés and Burger Torres (1995) , whose estimates are based on actual retirement cases. Using a sample of 4,064 people who retired under the new system, they estimate that the average replacement rate is 78 percent. The highest (relative) pensions were obtained by people who opted for early retirement, with a replacement rate of 82 percent under programmed retirement. Baeza Valdés and Burger Torres attribute this result to the fact that only those who enjoyed rapid accumulation of funds-mostly by making voluntary contributions-can opt for early retirement. Through December 1997 average old-age pensions under the capitalization system were 39 percent higher than average pensions under the old pay-as-you-go regime. Disability pensions under the new system were 61 percent higher than under the previous regime. Overall, replacement rates have been high-indeed, higher than in most industrial countries (see Davis 1998 and Gruber and Wise 1999) . Naturally, because the Chilean system is a defined-contribution system, there are no assurances that the replacement rates observed until now will be maintained in the future. also ignore the significant reduction in contribution rates. In order to keep the system solvent, contributions would have to be raised or benefits cut. If the relative benefits of men and women were not affected, gender ratios of benefits before and after the reform can be compared. Table 5 reports the gender ratio of accumulated contributions and the gender ratio of the present value of benefits for various categories of men and women. The first row in the top panel shows that contributions by women who completed secondary schooling were 43 percent those of men with the same level of schooling. The ratio of accumulated contributions of women relative to men is always less than 1 and typically below 50 percent. (Decomposition of the factors contributing factors to this differential-earlier retirement, lower earnings, less attachment to the labor force-is provided in table 3.) Note: Data are for urban areas only. Calculations are based on 5 percent return on funds and 2 percent secular income growth. The calculation of benefits under the old system's rule is based on the concept of a base salary, the average amount earned during the 10 years preceding pension benefits.
a These benefits are at the maximum (70 percent of the base salary). b The estimated annuity for the typical woman in the lowest schooling categories falls below the minimum pension. The estimated income is replaced by the minimum pension ($37,738).
c Because the widow's pension is significantly above the minimum pension, it is assumed that the beneficiary would stop receiving the minimum pension (and her own funds would be exhausted).
d Estimated monthly income under the old social security system starts at age 60. Old system benefits for women in the two upper schooling groups are at the maximum. Benefits are very close to the maximum for the lower schooling categories.
Source: Author estimates based on casen 94 data. Note: Data are for urban areas only. Calculations are based on 5 percent return on funds and 2 percent secular income growth. Calculation assumes women retire at age 60 and men retire at age 65.
Source: Author's estimates based on casen 94 data.
Under the old system's rules, working women with secondary school education drew 88 percent of single men's benefits (table 5) . Under the old system there was no strict link between contributions and benefits. The gender disparity between contribution ratios and benefits ratios indicates a significant pro-women bias in the allocation of benefits. The pro-women bias was also regressive: For women with secondary education, the ratio of benefits to contributions was 30 percentage points higher for women than for men, whereas for women with less than secondary schooling, the difference fell to less than 20 percentage points.
Under the new system, single and married working women with secondary school draw 54 percent or 69 percent, respectively, of the benefits that single men obtain (table 5) . Benefits are calculated differently for single and married men because married men are required to provide survivor's benefits. Single women are beneficiaries if they have made contributions; married women are beneficiaries if they are either married to a contributor or made contributions themselves.
Contributions and benefits are closely linked, except for two factors. The joint annuities provision requires the redistribution of benefits from husbands to wives; the minimum pension guarantee provides additional benefits from sources outside the system to those who would otherwise draw pensions below a minimum. Single women's benefit ratios are just below the corresponding contributions ratios (see the bottom of table 5), except for the case of low schooling categories, where the minimum pension raises benefits significantly higher than contributions. (The difference between the ratio of contributions and the ratio of benefits in a defined contribution system comes from the cost of annuities. In Chile contributors pay a cost for transforming their accumulated fund into an indexed annuity. This cost is assumed here to be higher for women because they take their annuity for a longer period.) Married women have benefits ratios that exceed their contribution ratios because they receive widows' pensions. For the same reason, for a given ratio of contributions, the ratio of benefits of married men to single men is lower than 1.
Consistent with the fact that the old system was unsustainable, all benefit ratios presented in table 5 are higher than or equal to their corresponding contribution ratios. This includes noncontributing married women who receive a benefit that does not have a counterpart in reduced benefits for married men. This means that the old system contained a significant labor tax component, a significant inflation tax component, or both. In fact, inflation and the system's deficit were part of the picture at the time of reform, which introduces another problem in comparing the benefits between the old and the new systems.
Another feature of the benefit structure of the old system is that women married to men with high earnings received a relatively larger unfounded benefit from the system than women married to men who earned less. This adds a regressive dimension to the old system biases, because contributors finance widows' pensions, which are more generous for widows of men who had had high earnings.
The old system appears to have had a significant bias in favor of some women and their families, particularly married noncontributor women and married contributors with more than secondary schooling. However, inflation reduced the real value of benefits relative to contributions for all groups. Did the gender bias remain? The answer is empirical because it depends on the impact of inflation on real benefits, which is a function of indexation. Because the system was characterized by a notorious absence of indexation protections and women have longer life expectancies than men, one can say that the real gender bias was smaller than the nominal one. The new system reversed the regressive nature of the gender bias, as it forced each married man to make provisions for his own widow. In addition, it removed the bias against single men, whose funds no longer helped finance widows' pensions.
Who Benefits from Guaranteed Pensions?
In principle, the state guarantees minimum old age, invalidity, and survival pension benefits to affiliates and their beneficiaries, as long as they are poor and have made contributions for at least 20 years. According to the law, "No one can obtain the state subsidy if the sum of all individual incomes from pensions, rents, and taxable earnings is equal to or higher than the minimum pension." 9 Therefore, unlike access to earned benefits through contributions, access to the guaranteed minimum pensions can be taken away if income-generating conditions change. In fact, qualifying affiliates who also receive the pasis benefit must give up that pension as soon as the guaranteed minimum benefit is activated. 10 In practice, the means-testing procedures have not been fully incorporated, and qualification toward the minimum pension is mainly a function of accumulated funds and life expectancy. Putting aside the means testing, an accurate estimate of the number of affiliates who would qualify for the minimum pension at retirement, or for invalidity or survivor's benefits while active, requires longitudinal data on individual contributions.
The typical woman in the lowest schooling category would qualify for the minimum pension under low and high returns; under low returns the typical women in the next two schooling categories would also qualify for the state guarantee. Typical men in the lowest schooling category would qualify for the minimum pension only under low returns, although their accumulated funds are just under the minimum necessary to generate the minimum pension. The mini-9. Art. 80, DL 3,500 10. Accidents on the job are covered by insurance, which pays out in proportion to reference salaries. The state guarantee affects people who earn very low salaries, who work few hours or contribute sporadically, or who become incapacitated or die early in their career, leaving a large number of legal survivors. The minimum invalidity pension is paid to affiliates who are declared legally incapacitated, do not qualify for the minimum pension, and fulfill minimum qualifying conditions. There is also a minimum survivor's pension (60 percent of the minimum pension) paid to legal survivors of affiliates who fulfill minimum qualifying conditions. mum pension program is thus expected to favor women, as Wagner (1991) and Zurita (1994) have noted.
This exercise in comparative static must be viewed with caution, however, because the relation between earnings and accumulation is affected by the individual's contribution density and the system's rate of return. While the rate of return is a parameter of the system, the density of contributions is a behavioral variable. The current system's rules discourage social security contributions after 20 years worth of accumulated contributions by people whose taxable earnings are low enough to qualify them for the minimum pension. Thus one should expect to observe many people with earnings around the minimum income applying for pensions with exactly 20 years of contributions. 11 One of the weaknesses of the current rules is that the minimum contribution (on minimum incomes) is not enforced. In particular, if a worker reports parttime income, the minimum contribution becomes in effect lower than the minimum wage. If authorities counted part-time employment (relative to the minimum legal contribution) as partial time, the possibility of making contributions below the legal minimum would be eliminated. The implication is that the number of calendar years of contributions needed to qualify for the minimum pension will be more than 20 for people who work part-time. The effective years of contributions, measured in full-time equivalent minimum earnings, to qualify for the minimum pension will still be 20 years. In addition, authorities can restrict access to the minimum pension by making the program a truly means-tested program. At the very least, information regarding access to widows' pensions should be taken into account to examine eligibility toward continued minimum pension benefits for women.
V. Summary and Conclusions
The Chilean pension reform benefited contributors on three fronts: It reduced contributions, it established indexation of benefits, and it made the system sustainable by tying benefits directly to contributions. The reform established a distributive pillar funded directly by the government budget. All these elements reinforce the effect of reducing the tax on labor, encouraging labor force participation and employment. At the same time, the direct link between contributions and benefits required the elimination of cross-subsidies within the system, a source of complex effects on the relative position of women.
It is argued here that the tax reduction effect of social security reform was more pronounced on women. First, under the new system there is no minimum 11. The estimates assume that all workers in a given schooling group are identical in terms of their work patterns. In fact, this is not the case; there is a distribution around the mean. Because some workers have less than 20 years of work, they would not qualify for the minimum pension. Some workers with more than 20 years of work and earnings above the mean may not qualify if their funds are sufficient to fund an annuity above the minimum pension.
level of contributions to obtain a pension (under the old system contributors with less than 10 years of contributions did not receive pension benefits). Second, the new system allows widows to keep their own pension benefits in addition to their widow's pension, restoring the marginal benefit of own contributions for working women. Third, the reform gives more weight to early years of contributions (as a result of compound interest), rather than the heavy weight given to the last five years in determining the pensionable income under the old system. This change favors women relative to men because women are more likely to hold paid jobs when young and to drop out of the labor force later. Moreover, even if women maintain a significant attachment to the labor force, they tend to have flatter age-earnings profiles than men.
The new system removed three biases associated with funding of survivor's pensions. In Chile's defined-contribution system, survivors' pensions are funded directly by contributors. In the traditional pay-as-you-go system, survivors' pensions were funded from the general system funds. Thus in the traditional system when a rich old man married a young woman a few years before retiring, he would draw a generous pension until his death and bequeath to his widow a generous pension funded from all contributors in the system. In contrast, in the new system, the old man would draw a smaller pension so that after his death the remaining amount would fund a proportional pension for his young widow, who is expected to live many years. Therefore, the new system removed the bias that favored married men (who did not have to make provisions for their widows' pensions) and the bias in favor of widows of rich men who obtained relatively generous pensions financed by all contributors. In addition, according to the rules that apply to the majority of beneficiaries of the old system, if a widow receives her own benefits, she has to choose between those and her widow's pension. In contrast, own pension and survivor's pensions are complementary in the new system. Thus the reform eliminated a bias against married working women.
But the new system also contains its own equity-efficiency tradeoffs, particularly with respect to women. The minimum pension mainly benefits women, given their low rates of pay and limited years of contributions. This study focuses on the work patterns of women affiliates, a subsample of women with a stronger attachment to the labor force. In this group, the typical woman now works about 20 years. Clearly, the new rules will encourage everyone in this group to work to accumulate 20 years of paid work to qualify for the guarantee. The guarantee targets low earners rather than middle-class women. However, once low-earning women (that is, women without substantial postsecondary education) qualify for the minimum pension, they get little if any additional benefit for incremental years of contributions. In effect, they are subject to a heavy implicit marginal tax rate on their labor. The minimum pension effectively becomes a ceiling as well as a floor. Thus the new policy is well designed to keep working women out of poverty in their old age, given their current labor market behavior, but it also maintains that behavior, with transitory labor market attachment, for women with limited education. Although this may be an improvement over the previ-ous policy, policymakers may wish to reevaluate this guarantee and tie it more continuously to years of contributions to provide a safety net with even more positive incentive effects.
Perhaps one of the oversights of the Chilean reform was to set women's pension age at 60. Given the differences in longevity, women would have to save more than men do to obtain the same retirement incomes. In fact, contributing women tend to accumulate less than contributing men because of lower attachment to the labor force and lower earnings than men. Therefore, if not for the minimum pension, women's pensions have to be lower than men's. The expectation of a survivor's pension makes the combined pension benefits of married women higher than that derived solely from own funds. But not all women who work for pay are married or will inherit a pension to complement their incomes in old age.
Overall, the new system is more fiscally sustainable and creates an incentive for greater labor force participation. Women who never enter the labor force are in a more vulnerable position in old age, and this vulnerability is likely to increase as they age. The fact that the Chilean social security reform improved women's incentives to work for pay offers hope for behavioral changes that would reduce women's risk of poverty in old age.
One important lesson to be drawn from this research is that the different work histories of men and women should affect the design of the public pillar and its eligibility requirements. The number of years chosen as a qualifying condition for the minimum pension guarantee is a critical determinant of the gender effects of reform. In Mexico, where affiliates need to contribute for 25 years to qualify for the pubic benefit, and Argentina, where 30 years of contributions are required, the gender impact is probably different, with men instead of women benefiting disproportionately.
